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Chlordiazepoxide (librium) is a commercial anti-anxiety agent but its
use has not been associated with any striking health improvements.
Nevertheless, milhons of prescriptions for chlordiazepoxide (CDZ) have been
written and it is widely employed in chnical practice as a muscle relaxant,
anti-convulsant, anxioljdiic and hypnotic. Adverse effects vary from skin
rash and nausea as well as deleterious comphcations from the drug's
administration during pregnancy. The cihated protozoan, Tetrahvmena
pvriformis. has been of significant importance to scientific inquiry since its
successful axenic culture 70 years ago. The drug's tranquilizing effects on
humans may possibly be elucidated by investigating CDZ-induced
impairment of the protozoan's cihary function.
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Here are reported uptake, recovery and attempted localization of CDZ as well
as its alterations of cellular growth, motility, and ultrastructure. Thin-layer
chromatography of CDZ in three solvent systems revealed optimal stability
when dissolved in isoamyl alcohol.benzene. After three days of culture,
T. pvriformis removed fifteen percent of the radioactivity fi*om [^‘*C]-CDZ
present in the growth medium. Liquid scintillation counting suggested
surface, non-specifically bound radioactivity and/or extruded radioactivity.
Following five days of culture, [^^C]-CDZ together with its metabohtes
and/or breakdown products were recovered from Tetrahvmena.
The protozoan's growth was inhibited by various CDZ concentrations.
To detect the intracellular sites of CDZ localization and possible action, both
TEM and immunoelectron microscopy were performed. To locahze
exogenously administered CDZ, an antibody to the drug conjugated to
hemocyanin was prepared by immunizing New Zealand rabbits. Serum
antibody titer was detected and quantified by an ELISA.
The detected antibody was purified by immunoaffinity chromatography
utihzing MAb Trap G tagged with immunogold. Transmission
immunoelectron microscopy employing tagged antibody and Lowicryl-
embedded CDZ-treated and non-treated Tetrahvmena did not reveal an
association of immunogold with either microtubules or any other cytoplasmic
organelle. Thus, CDZ appears to impair growth and motihty through an
effect on general metabohsm rather than a direct action on microtubules.
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The benzodiazepines are most commonly used as anti-anxiety drugs.
Drug prescriptions per capita in the United States have more than doubled
since 1950 without a commensurate improvement in health (Waldron, 1977).
Vahum and hbrium (diazepam and chlordiazepoxide) are the first and fourth
most commonly prescribed drugs in the United States used by one in ten
advdts each year. The common side effects of vahum and hbrium include
drowsiness, confusion, and muscle incoordination. Adverse effects of
chlordiazepoxide range from skin rash, nausea, headache, and impaired
sexual functions to vertigo and hght-headedness.
Chlordiazepoxide hydrochloride (CDZ) is widely employed as a minor
tranquihzer (Strojny et al., 1977) in the Western World. In 1977, 13 milhon
prescriptions were written for chlordiazepoxide and it continues to be widely
used in chnical practice as a muscle relaxant, anticonvulsant, anxiol5d;ic, and
hypnotic (sleeping piU) (Tallman et al., 1980).
After oral administration, chlordiazepoxide reaches a peak plasma
concentration in several hours. The half-life of chlordiazepoxide is 7-28 h.
1
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The metabolism of chlordiazepoxide in man has been investigated
(Kaistha and Tadrus, 1978; Koechlin et al., 1965). Chlordiazepoxide is
metabohzed to both active and inactive metabolites. These active
metabolits are concentrated in the brain and have a longer half-life than the
parental compounds, thus leading to significant body accumxxlation on
repeated administration. Therapeutic doses of the drug produce desirable
behavioral changes which surely emanate firom alterations in cellular
metabohc events. Though the general mechanism of drug absorption, fate
and by-products are known, httle is known about the specific sites of action
at the cellular level. The complete cellular mechanism by which many
commercially available drugs reheve anxiety is not fully understood
(BeU et al., 1987).
Due to the widespread use of the chlordiazepoxide and the potential
for abuse by addictive persons, this work proposes to employ Tetrahvmena
pvriformis as a model system to gain insight into the drug's mechanism of
action. Tetrahvmena pvriformis serves as an excellent system for the
analysis of variables affecting cellular mechanisms for drug metabohsm
(Elliott and Levy, 1973). This species of ciliate assimilates its nutritional
molecules like higher eukaryotic cells and is able to receive nourishment
from dissolved organic matter in the medium.
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The ciliate, Tetrahvmena pvriformis. has been of major importance to
scientific inquiry since its successful growth as axenic cultures in
1922 (Hill, 1972). This pear-shaped fresh water protozoan has been referred
to as the ’’Escherichia coli” of the non-photosynthetic eukaryotes
(Elhott, 1973) much more than the classical Paramecium. Tetrahvmena
has been widely accepted as a research model for studies in genetics,
biochemistry, endocrinology and toxicology. Cell and developmental
biologists have enjoyed a lasting relationship with Tetrahvmena as a result
of its remarkable resemblance in structure and function to a typical cell.
Most of the research on the morphology of Tetrahvmena is based on
growing, probably logarithmic-phase, cells. The earlier light microscopic
observations revealed its general morphology, but it was not until
ultrastructural studies were possible that the subcellular details became
known (Elliott, 1973). The importance of electron microscopy in biological
research is evidenced by its extensive use in biology, biochemistry and
medical research (Dawes, 1990). Tetrahvmena ultrastructure has been
studied subsequent to treatments with DMSO (Nilsson, 1977), mercuric
chloride (Tingle et al., 1973), phosphonoacetic acid (Smith et al., 1982) and
many other cytotoxic compounds with varying results. Low concentrations
of chlorpromazine (0.01 mM) inhibit growth and nucleic acid synthesis in
the ciliate, Tetrahvmena pvriformis (Blum. 1980).
A pilot study of psychotropic (chlordiazepoxide) drug interactions was
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performed using Tetrahvmena and the results published. Unicellular
organisms, particularly Tetrahvmena. prove to be model systems to
demonstrate certain basic effects of these drugs at cellular levels.
The utilization of these cells added the parameters of motihty and readily
recognizable survival which lend themselves to direct visual and
photographic observations (Forrest et al., 1964). Since the introduction of
these compounds, reports have been pubhshed concerning their use during
pregnancy (Gill et al., 1981). Preliminary results in the pilot study focused
on dose-dependent cihary alterations and ciliary loss. If impairments of the
protozoan ciha can be considered a model effect then this would indeed
reflect the tranquilizing effect of these drugs in humans
(Forrest et al., 1964). With time, chlordiazepoxide has a profound effect on
the overall growth of Tetrahvmena cells (Bell et al., 1987).
The mass of pharmacological results to date with Tetrahvmena
pvriformis may be quite superficial; hardly more than hints of the transport
mechanism available to permit the entry of foreign compounds. The
impression from work with psychotropic agents is a necessary step in laying
bare the deep hidden metabolic homologies between neuronal activity
communication in protozoa (Hutner, 1964).
Bell et al. (1987) observed inhibition of both growth and motility for
the protozoan Tetrahvmena pvriformis when 0.1 and 0.3 mg ml‘^ of
chlordiazepoxide were introduced into an aqueous proteose-peptone growth
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medium. Because Tetrahvmena possesses a variety of microtubules, some
of which direct motihty, it has been hypothesized that the drug may impair
microtubular function, perhaps by binding to one of its proteins, tubuhn
(Bell et al., 1993).
It is known that chlordiazepoxide is highly soluble in organic solvents
(Wouters et al., 1979). Therefore, to facihtate solubilizing the drug in the
aqueous growth medium, the drug was dissolved in a small amount of
organic solvent. A segment of this research concerned itself with the purity
and solubihty of Hoffman La Roche's chlordiazepoxide hydrochloride as well




Chlordiazepoxide hydrochloride, 7-chloro-2-methyl amino-5-phenyl-
3H-1,4 benzodiazepoxide-4-oxide (I) hydrochloride (Table 1), is the active
ingredient in Librum which is marketed as an anti-anxiety agent
(Strojny et al., 1977). Chlordiazepoxide (Librium) is the first member of a
new chemical class of compounds (Fig. 1) which has shown unique taming
effects in animals and powerful anti-anxiety effects in human subjects
(Randall, 1961). When used in the treatment of a wide range of emotional
and psychoneurotic disorders. Librium was introduced under the name of
Methaminodiazepoxide. In its chemical structure. Librium is wholly
unrelated to any other drug (Hines, 1960). Hines also stated that the
pharmacological effects first observed in animals and later confirmed in
human subjects included anticonvulsant activities and muscle relaxant
effects at low doses with sedative and appetite stimulating effects at high
doses. Maternal weight gain in pregnant mice and a decrease in fetal
weight were observed by Abel and Tan (1987).
Presently, chlordiazepoxide is referred to as the "prototype" of the
6
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Figure 1 Structure of chlordiazepoxide hydrochloride.
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TABLE 1. Properties of Chlordiazepoxide HCl






Light yellow plates from ethanol
MOLECULAR WEIGHT: 336.21
MELTING POINT: 209-210
SOLUBILITY: Soluble in HgO at 20°C
165 mg ml'^
STABILITY: Unstable in solution
Light sensitive
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benzodiazepine class of sedative-hypnotic drugs. Chlordiazepoxide and
similar compounds were synthesized by the chemist Sternbach
(Sternbach and Reeder, 1961) at the University of Krakow, Poland.
The structure of this compound was not quite clear and only a year after its
pharmacological effects were discovered was the current structure finally
estabhshed (Randall, 1961).
Koechlin et al. (1965) found that chlordiazepoxide-2C has a half-life in
plasma of 22-24 h in man, 10-14 h in dogs, and 4-6 h in rats.
Chlordiazepoxide is transformed in humans by oxidation to two principle
metabohtes, demoxepam and desmethyl chlordiazepoxide, which can be
detected in plasma after a single therapeutic dose (DivoU et al., 1982).
Several metabohtes of chlordiazepoxide demonstrating psychotropic
properties have been identified in human blood or urine.
Randall et al. (1965) questioned whether the activity of the administered
drug (Librium) is accounted for by the parent drug or whether part of the
psychotropic effects could be related to the metabohtes. Some nineteen
years later with an answer for Randall et al. (1965), Davidson (1984) noted
that chlordiazepoxide [I] and its major hydrolysis product demoxepam
(7-chloro-l,3-dihydro-5- phenyl-2H-l,4 benzodiazepine-2-one 4 oxide, II) had
very similar UV spectra resulting in their mutual interference in direct
spectrophotometric procedures. The present use of rapid difference
spectrophotometric methods for chlordiazepoxide and its degradation
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products overcome the nonspecificity of the official spectrophotometric
assays.
In reference to toxicity, chlordiazepoxide was under investigation in
numerous cases of drug intoxification, but it has only been reported as the
sole agent in a few fatahties. Serum concentrations of 1-66 mg/L
(quantitated using spectrophotometric methods) were observed in 60
hospitalized patients, none of whom exhibited deep coma
(Cate and Jatlow, 1973). In one comatose adult subject who ingested
1,000 mg of the drug, the highest plasma concentrations observed were 20
mg/L for chlordiazepoxide at 6 h, 12 mg/L for non-chlordiazepoxide at 21 h,
and 9 mg/L for demoxepam at 51 h (deSilva and d'Aconte, 1969).
A versatile and effective way to assess the behavioral effects of drugs
in animals is to measme the alterations which the drugs produce on a stable
base-line of ongoing behavior (Heise and Boff, 1962). This method for
measiiring the effects of pharmacological and physiological variables was
demonstrated extensively in trained rats. A study conducted by
Baldwin and File (1988) demonstrated that rats withdrawn from
chlordiazepoxide showed a significant decrease in the percent time they
spent in a refined behavior maze, compared with the control, thus indicating
enhanced anxiety. When there is a stable and well-controlled "behavioral
base-line", only a small number of experimental subjects are required for
detecting and measuring relatively minute drug effects.
12
Biology of Tetrahvmena
Physiological and pharmacological research has and will continue to
employ protozoa for experimentation to determine the effects of various
substances, including poisons, on animal cells (Elliott and Ray, 1965).
Tetrahvmena pvriformis (Fig. 2) is a particularly valuable animal for many
kinds ofprotozoan research. A primary reason for the success of
Tetrahvmena as an experimental subject is that it is an eukaryote which can
be grown in large quantities on bacteria-free media or even on defined
media. Further, Tetrahvmena cell division (Fig. 3) can be easily
synchronized and its outer membrane readily disrupted for cell-fi*ee studies
(Hill, 1972). Methods that have been used to synchronize Tetrahvmena
which have been previously reported in the literature are a sudden change in
pH, cold shocks, centrifugation, temporary limitation of access to thymidine
compounds, hypoxic shocks, sudden exposure to visible light, starvation and
refeeding, exposiu-e to colchicine or Colcemid and reversible inhibition with
vinblastine. Dense populations of cells for synchronous division and for
other purposes can be attained by cultivating them in rotating glass bottles
(Hjelm, 1970). Many studies have been reported in recent years, using
Tetrahvmena. on the mode of hormonal action at the cellular and subcellular
levels (Hamona and Iwai 1971) that unicellular organisms such as ciliated
protozoans (particularly Tetrahvmena') might give some clue for the
13
Figures 2A & 2B Diagrammatic representation of Tetrahvmena







Figures 3A & 3B Phase contrast micrograph of Tetrahvmena pvrifonnis





hormonal action on cellular and subcellular structures similar to those of
higher organisms. Kudo et al. (1985) postulated that Tetrahvmena's
calmoduhn is closely related to mammahan calcium-binding proteins which
are thought to be evolved from an ancestral form, because Tetrahvmena
calmoduhn can also activate many calmoduhn-dependent enzymes from
mammahan ceUs in a calcium-dependent manner. Kudo et al. (1985) also
mentioned that the comparison of the amino acid sequence of Tetrahvmena
calmoduhn with those of bovine brain, rabbit skeletal muscle troponin C or
brain S-100 indicated many identical and homologous residues.
Respect for human dignity restricts the use of patients for
pharmacological trials, thus enhancing the need to know activities that
Tetrahvmena detects (Hutner, 1973). Tetrahvmena is used to detect
cytotoxic substances but, its maximum sensitivity has yet to be determined.
For a number of drugs, the concentration required to achieve a given
effect is much higher for Tetrahvmena than mammahan cells
(Durojaiye, 1979). The Tetrahvmena cortex is a complex surface composed
in many places of three membrane layers in close proximity to one another,
as observed and demonstrated by Elhott and Levy (1973) and Takuyasu and
Scherbaun (1965). The two outermost layers are the pelhcle and the inner
layer forms the plasma membrane. This arrangement may present a
substantial barrier to entry of molecules from the outside and there has been
and still remains the controversy as to whether uptake of nutrients and
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other materials occurs across the surface membrane or only by means of the
oral apparatus (Prescott, 1972). Nandini-Kishore et al. (1986) have shown
that membranes of Tetrahvmena become more fluid when cells are grown in
a medium containing lower ethanol concentrations than those used in
defined medium. The effects of exogenous substances such as drugs,
hormones, steroids, etc., on Tetrahvmena are not always predictable.
Upon treatment with 10 ® M prednisolone early, and late structural
changes were noted in Tetrahvmena (Csaba and Fueloep, 1987).
The changes gave an indication of a distinct response of the unicellular
organism to steroids, which involves changes partly similar to and partly
different from those ehcited in the target cells of higher organisms
(Csaba and Fueloep, 1987). Earher studies have shown that although no
steroid receptor occurs in Tetrahvmena. treatment with certain steroids
induces the formation of a steroid receptor, whose specificity has been
substantiated by displacement of labeled hormone by ‘cold’ hormone
(Csaba and Inczefi-Gonda 1989). Holmlund (1971) often reviewed studies
indicating that steroids may be growth-promoting or growth-inhibitory to
microorganisms. It was stressed that steroid structure, concentration, and
the type of microorganism employed determined whether microbial growth
rate will be accelerated or retarded.
According to Hutner (1973), the use of Tetrahvmena for examining the
putative antitumor (oncol5d;ic) agents may have had its first detailed
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treatment with 8-azaguanine, an anti-metabolite. A study by
Johnson (1960) clarified the shortcomings of Tetrahvmena in anti-tumor
screening after using the medium of Kidder and Dewey (1951).
They confirmed the superiority of mammahan cancer cells
(HeLa and NCTC 1742 murine cells in medium 199 plus 10% horse serum)
over Tetrahvmena. Ochromonas malhamensis. Euglena gracihs and
Scenedesmas basilensis. In that same study, Tetrahvmena was sensitive to
cycloheximide (toxic to all the organisms) and, in descending order, to
amphotericin B, azaserine, and meomycin. Tetrahvmena was rather
insensitive to chlortetracycline, chloramphenicol, streptomycin, polymyxin,
6-diazo-5-oxo-L-norleucine (Don) and the alkylating agents mitomycin,
trimethylene melamine, busulfan (Myleral, 1,4-dimethanesulfanoxybutane),
and nitrogen mustard.
Certain antihistamines inhibited growth of Tetrahvmena in synthetic
medium in addition to inhibiting the motihty of suspensions. Colchicine is
known to inhibit polymerization of tubuhn by its specific binding to tubulin
and not MAP's (microtubule associated proteins) (Maruta et al., 1986).
Tranquilizers (with their abihty to uncouple oxidative phosphorylation)
obviously do not predict their psychic effect (ValzeUi and Garattini, 1970).
It has been concluded that tranquihzers have a very complex pharmacology
and their effects on mammahan cell cultures seem directed at least at
lysosomes and membranes.
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The legend of the basal body as coordinator of cihary metachrony
tempted Pitelka and Child (1964) to equate it with a central nervous system,
Tetrahvmena might then serve for screening antihormones and eventually
help to elucidate the cellular mode of action of neurohormones. Aaronson
and Bensky (1963) proposed the pharmacological approach to decide whether
or not there was a . [Protozoan analog of the metazoan nervous system.]"
O'Neill et al. (1988) concluded that Tetrahvmena possesses a functional
opiate receptor (recognition molecule) very similar to the opiate receptor of
the rat brain.
A common entity shared by T. pvriformis and the vertebrate is that
both possess acetylchohne (Ach) and acetylchohnesterase (Achase) activity
(Seaman, 1951). Upon differential centrifugation, Seaman (1951) obtained
a fraction which contained only enzymatic activity from the pellicle. It was
then stated that this fraction contained the entire amount of
acetylchohnesterase activity of the organism. Also, acetylchohnesterase
activity in this cihate is reported to be locahzed in the fibriUar system of the
pelhcle. Child (1959) stated that ciha, like sperm tails and muscle,
possessed ATP sphtting activity although there was not conclusive
information to draw other similarities with muscle, especially since the
solubihty property of cihary fibriUar substance does not resemble those of
actinomyosin. At that time, the tentative identification of adenine and
uracil nucleotides which appear to be bound, at least in part, to the protein
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component of ciliary fibrils, suggested similarities with the protein actin.
To substantiate protein identification, Sloboda (1980) used the
powerful fight microscope technique of indirect immunofluorescence to test
for the presence and characteristic distribution of a specific protein within a
cell, such as a nucleated ers^throcyte. The cells were treated with an
antibody capable of reacting specifically with a single specific species of
protein and then with a second t5q)e of antibody that is not only specific for
the first antibody but is also labeled with a fluorescent molecule.
Florey (1966) stated that vertebrate transmission for motor end-plates
and synapses between pre- and post-ganglionic neurons is accomplished by
release of a transmitter substance called acetylcholine. It was further
stated that the rate of removal of the transmitter is greatly speeded up by
the action of the hydrolyzing enzyme, Achase.
Role of Benzodiazepines
The newer minor tranquilizers, such as the propanedial and
benzodiazepine derivatives (chlordiazepoxide) were primarily introduced into
clinical medicine in the 1950's to replace the barbiturates for their anxiolytic
and sedative effects (Berger and Ludwig, 1964). The ability of the newer
milder tranquilizers to produce their anxiolytic effects seem to be attributed
to their depressant action on the limbic system, as well as other brain areas
(Randall et al., 1960; Schallek and Jew, 1960; Kletkin and Berger 1959).
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Benzodiazepines belong to a class of drugs that bind with high affinity in the
central nervous system to specific receptors which also contain sites for
Y-aminobutyric acid and chloride ion channel (Mohler and Okada, 1977).
This binding is well correlated with their chnical potency as anticonvulsant
and anxiol3rtics. Despite the well established chnical usefulness of
benzodiazepines in the treatment of anxiety, insomnia, seizures and muscle
spasms, the neuronal site and molecular mechanism of action of this group
of compounds is unknown (Mohler et al., 1978). The major advantage is its
lack of an effect on the autonomic nervous system.
An unusual property of chlordiazepoxide is its abihty to stimulate the
appetite of animals and man in subtoxic doses (Randall, 1961).
Chlordiazepoxide and other benzodiazepines rehably increase food
consumption in experimental animals primarily by increasing total eating
duration (Cole, 1983). In a 90-day chronic study, chlordiazepoxide was
shown to cause an increase in the body weight of dogs and rats
(Randall, 1961).
Pre- and post-natal effects of chlordiazepoxide yield different results.
When evaluated in Wistar rats after dosing on days 1-20 of pregnancy, there
were significant weight reductions in the fetus (Buttar et al., 1979).
Since the introduction of these compounds (benzodiazepines,
chlordiazepoxide and diazepam), reports have been published concerning
their use during pregnancy. Malformations in hamsters were noted after
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interperitoneal injections for the lowest concentrations of chlordiazepoxide
and diazepam, which was 500 times and 1000 times the average daily
recommended therapeutic dose for humans of chlordiazepoxide and
diazepam, respectively. The majority of fetal malformations observed with
both compounds were either exencephaly and cranioschisis. These
malformations as emphasized by Gill et al. (1981) have not been associated
with the use of minor tranquilizers in human pregnancy.
Protozoans may have a special value in detecting drugs harmless to
the infant and adult but harmful to the fetus or individual with a damaged
Uver. Presumably, the fetal cirrhotic hver had defective detoxification
mechanisms.
One noticeable difference observed when Tetrahvmena is exposed to
chlordiazepoxide is the loss of cilia. Much work has been done on the
morphogenesis of this apparatus, on its evolutionary modifications, and on
the response on the ciliary beat and metachrony (Child, 1959). To formulate
studies on the origin, growth and differentiation of ciliary apparatus and
theorize the mechanism of ciliary motility and coordination, knowledge of
the molecular elements of the parts of the apparatus (cilia) would be of real
value. The internal structure of cilia is composed of a common protein,
tubulin (Wallace et al., 1981). Burgoyne (1986) isolated microtubules
containing a and p tubulin pol5q)eptides of molecular weights 58,000 and
53,000, respectively. These polypeptides are normally present as dimers
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such as spectrin I and spectrin II of the red blood cells. These proteins are
able to assemble to form the backbone of the microtubule structure.
The regulation of tubuhn expression in Tetrahvmena pvriformis cells
during heat shock was studied by Cotas et al., 1988). These investigators
reported that tubvihn synthesis is highly repressed when compared with that
of exponentially growing cells. Colchicine and other drugs that interact
with tubuhn affecting its polymerization have been used to analyze putative
microtubule functions (Dustin, 1984). Tubuhn cleavage analysis has been
used to compare the interaction of different drugs with tubuhn
(WandoseU et al., 1986).
Ciha, as weU as flagella, also apparently have some sort of primitive
sensory function. Many of our own sensory receptors have obviously evolved
from ciha. Ciha move by contraction of fibrils which contain both ATP and
proteins with ATPase activity, the movement being coordinated by a
conductile component locahzed in the ceU membrane (Sovak et al., 1981).
Dynein is the molecular motor that powers the translocation of
molecules to the minus end of microtubules (Gibbons, 1988; Porter and
Johnson, 1980). There are two general classes of dynein: (1) axonemal
dynein produces the active shding of outer doublet microtubules which leads
to cihary bending (Satir, 1968; Brokraw, 1991); (2) cytoplasmic dynein
participates in a variety of non-axonemal movements (VaUee et al., 1988)
including membranous organeUe trafficking and chromosome motion during
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mitosis (Bomsel et al., 1990; Schroer et al., 1989; Pfarr et al., 1990). Sovak's
team then concluded that inhibition of ciliary movement must, therefore, be
a result of damage to motile or conductible components, or both.
One aim of the use of protozoa, particularly Tetrahvmena. as a
toxicological tool is to apply the resemblance between protozoa and metazoa.
It was well stated by Hutner in 1964, and it still holds true today, that
protozoa can be used to detect the metabohc sites of damage induced by the





A summary of the experimental procedures is presented in Fig. 4 and
continued in Fig. 5.
Preparation and Thin-Laver Chromatography of the Drug
Both non-radioactive (5 g) and [■^'*C] (100 pCi) Chlordiazepoxide HCl
(LiOt:242100) were gifts of Hoffman-LaRoche (Nutley, NJ). Whereas the
non-radioactive drug was provided as a fine powder, the radioactive drug
was received, as a hquid, in an amber vial.
Organic reagents reported to be solvents for the drug (methanol and
isoamyl alcohol) were employed as vehicles to permit incorporation of the
drug into an aqueous medium supporting Tetrahvmena's growth.
Methanol and isoamyl alcohol were employed as solvents for the drug.
Chlordiazepoxide was dissolved at 20 mg/100 ml methanol
(Strojny et al., 1977; DivoU et al., 1982) or at 20 mg/100 ml certified isoamyl
alcohoLbenzene (LAB) (DivoU et al., 1982) and then either utiUzed
immediately or stored in the freezer for up to 7 days at 4°C prior to use.
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Figure 4 Summary of experimental procedures
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Figure 5 Summary of experimental procedxires (cont’d)
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Absorption Spectrum of Chlordiazepoxide - The LKB Biochrom
Utrospec II was employed to determine the absorption spectrum of
chlordiazepoxide in methanol. Quartz cuvettes were used over the range
200-400 nm. Absorbance was initiated at 200 nm with subsequent readings
at 220 and 230 nm. One nanometer readings were recorded between 231
and 240 nm. The absorption maximum was recorded at 239 nm but
readings continued up to 400 nm (Fig. 6).
Thin-Laver Chromatography with Chloroform:Acetone as the Mobile
Phase - To assess the purity and stabihty of chlordiazepoxide, 10 jil (2 pg)
and 100 pi (20 pg) ahquots of the drug in the aforementioned solvents were
spotted onto Fisher sihca gel GF Redi plates either singly or in combination
with labeled and unlabeled drug.
Fisher sihca gel GF Redi plates were marked with a 2 cm hne from
the bottom of the plate (beveled edges at sides). The plates were then
“washed” within a chromatographic chamber containing 200 ml of reagent
grade acetone. The plates were visually monitored in the chamber(s),
removed when the solvent migrated approximately 1 cm shy of the top of the
plate, and briefly dried in a chemical hood. The acetone was removed from
the chambers and replaced with 200 ml chloroformracetone (1:1). The
chamber(s) were then lined with Whatman 3MM chromatography paper
which was immersed in the solvent and allowed to equihbrate.
The chamber hds were vacuumed-greased and sealed to the chamber's top.
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Stability of Chlordiazepoxide in Methanol - Lyophilized Tetrahvmena
cells were resuspended in 2 ml of absolute methanol. The cells were
homogenized with a mortar and pestle and vacuum aspirated.
The material collected upon the filter paper was scraped from the paper,
resuspended in methanol and re-homogenized. A second aspiration yielded
a pellet that was resuspended in methanol and spotted immediately onto the
TLC plate. The filtrate from the aspirations was evaporated to dryness,
taken up in methanol, and spotted along with the extracts.
Growth medium, previously lyophihzed, was dissolved in 6 ml of
methanol and divided into two equal ahquots and then evaporated to
microhter amounts. Medium alone was spotted onto the plate in lane 1 and
medium plus drug in the next lane. Similarly, an ahquot of extract was
spotted in lane 3 and extract and drug spotted together onto lane 4. Lanes 5
and 6 were spotted with 100 pi (20 pg) and 10 pi (2 pg) of the authentic
drug.
The plates were chromatographed in chloroform: acetone (1:1, v/v)
within hned chromatography chambers. Following chromatography, the
plates were air-dried and the UV visuahzation of the drug upon TLC plates
was performed with a model UVGL-58 multiband UV-254/366 nm ultra
violet lamp. The RfS were compared to those reported by Davidson (1984).
Sketches of chromatograms were derived via illuminated spots onto
transparencies. The values of each compound were calculated.
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Stability of Chlordiazepoxide HCl in Isoamvl Alcohol:Benzene-
Plate 2 compared freshly prepared drug in methanol with that of a stored
preparation, in addition to comparing chlordiazepoxide dissolved in isoamyl
alcohoLbenzene (1.5/98.5 ml). Lanes 1 and 2 were spotted with 10 pi and
100 pi (as above) of CDZ stored in methanol, respectively. Lanes 3 and 4
were spotted with 10 pi and 100 pi of freshly prepared drug, respectively.
Lanes 5 and 6 were spotted with fresh preparations of chlordiazepoxide
dissolved in isoamyl alcohobbenzene. Lane 5 contained 10 pi of the
unlabeled drug in isoamyl alcohoLbenzene and lane 6 contained 100 pi of the
same preparation.
Plate 3 was spotted with 100 pi of chlordiazepoxide dissolved in both
previously used solvents. Lane 1 was spotted with chlordiazepoxide
dissolved in methanol previously stored for a 60 day period. Lane 2
contained 100 pi of drug dissolved in methanol for 7 days. Lane 3 involved
100 pi of drug in isoamyl alcohoLbenzene previously stored for 7 days, and
lane 4 contained 100 pi of freshly prepared chlordiazepoxide HCl with
isoamyl alcohoLbenzene as the solvent. Both plates 2 and 3 were
chromatographed in chloroform:acetone, dried and visuahzed as above.
Stabihtv and Purity of [^^C]-Chlordiazepoxide HCl - Radioactive
chlordiazepoxide was evaporated in the hood after breaking the vial's seal.
Following evaporation to dryness, the vial was rinsed with 4 ml of isoamyl
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alcohoLbenzene. One milliliter of the solvent (lAB) was used to rinse the
radioactive vial and broken cap. One milliliter ahquots of the solvent were
taken up and placed into an amber bottle for storage of the
[^'*0]- chlordiazepoxide at 4°C. This procedure was repeated 4 times, and the
remaining solvent added to the [^^C]-chlordiazepoxide HCl storage bottle.
Following UV visuahzation of the unlabeled drug, lane 2 was divided
into 1 cm segments. These were scraped from the plate and added to 15 ml
Safety-solve high flash point hquid scintillation cocktail. Radioactivity was
quantified by LS counting using a Beckman LS-5000 counter and user
program 2. The resulting data were plotted as histograms of DPM versus
segment number.
A fourth thin-layer chromatography plate was then prepared for
spotting. This procedure was performed under the hood to confine the
radioactivity. Lane 1 was spotted with 100 pi (200 pg) of the unlabeled
chlordiazepoxide in isoamyl alcohohbenzene. Lane 2 contained 10 pi of the
unlabeled drug and 10 pi (22,200 dpm) of the labeled drug. As above, the
plate was chromatographed in chloroform:acetone.
-Chlordiazepoxide Uptake - One milliliter aliquots of the
radioactive drug were placed into two 50 ml Erlenmeyer flasks. The flasks
were placed into the hood and the solvent allowed to evaporate to near
dryness (limited heat was apphed). Four milliliters of Tetrahvmena
pvriformis medium and 1 ml of 3 day old (log phase) cells were placed into
37
each Erlenmeyer flask. Two 0.2 ml aliquots of the samples were removed
and placed into conical 15 ml centrifuge tubes (this procedure was performed
at the same time for five days). The tubes were centrifuged for 15 min at
500 xg. The supernatant was removed and added to 15 ml of aqueous
cocktail. The pellet (cells) was washed with 0.6 ml of growth media lacking
radioactivity. The cells were stored on ice until the end of the 5-day
experiment. They were then solubihzed in NCS followed by the addition of
Safety-solve cocktail. The washes were added to 15 ml of cocktail.
Radioactivity was quantified by hquid scintillation counting as above.
To determine whether hquid cultimed Tetrahvmena took up the drug,
cells were homogenized with a mortar and pestle into lOOmM MES buffer,
pH 6.5 at 4° C. The homogenates were centrifuged at 500 xg for 15 min.
After decanting the supernatant, it was partitioned twice against isoamyl
alcohokbenzene. The resultant aqueous phase was saved and 1 ml ahquots
added to 15 ml cocktail for LS counting. In contrast, the organic phase was
evaporated to near dryness followed by the addition of 200 pi of isoamyl
alcohokbenzene. The solution was spht into two equal ahquots with 100 pi
being spotted onto a Fisher Redi plate and the other 100 pi mixed with
100 pi unlabeled drug prior to spotting.
The growth medium was similarly partitioned and then ahquots of the
organic phase spotted onto plates. Then, the plate was developed in
chloroform:acetone, unlabeled drug visuahzed by UV monitoring and the
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lanes containing radioactive drug divided into 1 cm segments. These were
scraped and added to the cocktail.
Benzene-n-Propanol-Conc Ammonium and Ethvl Acetate-Methanol-
25 % Ammonium as Mobile Phases- An additional means of assessing the
purity of La Roche's chlordiazepoxide, the drug was chromatographed in two
other solvent systems.
A 20 mg/lOOml solution of chlordiazepoxide was prepared using
isoamyl alcoholrbenzene as the solvent. Ahquots of 100 pi fresh, stored,
and a mixture of fresh (50 pi) and stored (50 ul) drug spotted onto three
lanes of the sihca gel coated plate. The stored drug from previous
experiments was spotted in the same manner as the fresh drug also at a
final concentration of 20 pg/100 pi.
The mobile phase consisted of benzene-n-propanol-conc ammonium
hydroxide (80:20:1 v/v/v). The paper-fined chromatographic chambers were
allowed to equilibrate in the mobile phase for approximately 0.5 h.
Then, plates were developed until the solvent front was approximately 1 cm
from the top. Next, the plates were removed and allowed to dry briefly in
the hood and were examined with a 254 nm ultraviolet lamp following
overnight storage.
A third mobile phase was used to further assess the purity of
chlordiazepoxide. Two new silica plates were washed in acetone, and after
removal from the TLC chamber, the plates were allowed to air dry before
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spotting with the drug. Varying amounts of fresh, stored and a mixture of
fresh and stored drug were spotted onto the plate, at strategically spaced
sites, near the solvent front. A jet stream of cold air was used to dry the
drug on the plate; this also contained the solution within a particular
circumference. Five lanes were spotted and the plates introduced into the
chamber containing 200 ml of the mobile phase, ethyl acetate-methanol-25%
ammonia (85:10:5, v/v/v) for development.
Growth and Motility Studies
Preparation of Tetrahvmena pvriformis Cultures - Tetrahvmena
pvriformis strain E was grown in axenic cultures using American T3T)e
Culture Collection (ATCC) 357 Medium (Tetrahvmena medium. Table 2).
Cultures were incubated in the dark at 28°C using a Freas Control
Temperature Incubator. Liquid shake cultures were maintained by serial
transfer of 1 ml (10® cells/ml) of stock cultures to 100 ml of fresh ATCC 357
media contained within 500 ml Belco Erlenmeyer flasks. Stock hquid shake
cultures were subcultured every 48 h under constant agitation in a New
Brunswick reciprocal shaker or a Labline gyrotory shaker operating at
100 rpm.
Quantification of Growth - Growth of cell cultures was quantified by
performing direct cell counts using an Ultra Plane Hemacytometer
Hausser Scientific). Test samples, one ml/test period, were removed every
4 h from the control and each CDZ experimental concentration
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Table 2. Chemical Composition of 357 Tetrahvmena pvriformis
Medium*’*’
COMPONENTS g/L
Proteose peptone (Difco - 0120) 5.0
Bacto trj^tone (Difco - 0123) 5.0
K2HPO4 0.2
“adjust to pH 7.2
'’medium suggested by American Type Culture Collection (ATCC) and
Carolina Biological Supply Company
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(0.1 and 0.3 mg/5 ml'^) and placed into 1.5 ml Eppendorf microfuge tubes.
Test samples were centrifuged at 7,000 rpm in a clinical centrifuge for 5 min.
The supernatant was decanted and the pellet resuspended in 0.1 ml of 10%
formahn. A 10 pi cell suspension was placed onto the hemacytometer.
The number of organisms was quantified by making counts from the aliquot.
A growth curve representing x cell number ±, a versus time was generated.
Measurement of Motihtv - Motihty studies were performed according
to a modification of the method of Scherbaum (1957). A 1:1 dilution of the
control and each experimental media was placed onto the counting chamber.
The motihty of the organisms was assessed using a Nikon Optiphot Phase
Contrast Microscope equipped with a 35 mm camera. Percent
immobihzation counts were made at 5 min intervals for 60 min and
calculated using the immobihzation equation:
Total number of I x 100
%I
Total number of T
where %I Percent immobihzation of Tetrahvmena
I Immobihzed Tetrahvmena
T Tetrahvmena in counting chamber
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Phase Contrast Microscopy
Tetrahvmena was cultured as previously stated and harvested during
both exponential and late stationary growth phases. Their morphology was
examined with an Nikon Optiphot Phase Contrast Microscope.
Electron Microscopy
Scanning Electron Microscopy - To determine whether 0.1 mg 5 ml'^
and 0.3 mg 5 ml'^ of the drug induced changes in Tetrahvmena pvriformis.
both scanning electron microscopy (SEM) and transmission electron
microscopy (TEM) were utihzed. Tetrahvmena pvriformis was prepared for
SEM studies by washing and fixing cells in 10 mM phosphate biiffer made
4% with glutaraldehyde. The samples were post-fixed in 2-3% osmium
tetroxide. These specimens were taken through a degraded series of ethanol
and amyl acetate and air dried overnight. Samples were sputter coated
with gold and platinum and scanned in the OmniScan Electron Microscope
operated at 20 kv.
Transmission Electron Microscopy - Logarithmic phase cells were
exposed to 0.1 mg or 0.3 mg CDZ 5 ml'^ growth medium. Growth was
carried out in 50 ml Erlenmeyer flasks. Duphcate flasks of the control and
both drug concentrations were utihzed for this experiment. The control
flasks contained 4 ml of proteose peptone medium while the experimental
flasks contained only 3 ml of proteose peptone medium. One milliliter
ahquots of exponential (10®) phase cells were added to each flask.
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Finally, 1 ml of 0.1 mg of CDZ was added to one set of duplicate flasks and
1 ml of 0.3 mg was added to a second set of duplicate flasks. All six flasks
were secured within a wire basket and placed onto a New Brunswick GIO
gyrotory shaker operating at 100 rpm. After 72 h of constant agitation, the
cultures were transferred to 15 ml conical centrifuge tubes and the cells
concentrated employing a table top lEC model CL centrifuge at 700 rpm for
10 min. The supernatant was decanted and approximately 6.5 ml of 2.5%
glutaraldehyde in 0.05 M phosphate buffer, pH 7.4, was added to the pellet
and allowed to "stand" overnight. The following day the primary fixative
was removed via centrifugation and the pellet washed twice with 0.05 M
phosphate buffer, 10 min each time. The cells were next post-fixed in pH
7.2, 0.05 M buffered 3.5% OSO4 for 1 h. The OSO4 was removed with two
washes, 10 min each, of the PO4 buffer. The aforementioned procedures
were carried out at 4°C. Dehydration procedures initiated with 30% ethyl
alcohol up to 95% ethyl alcohol, 10-15 min in each percent dilution.
This was followed by two washes (30 min each) in 100% ethyl alcohol.
Infiltration was accomphshed by gradually replacing the ethyl alcohol
with the embedding medium, Epon 812. To ensure appropriate embedment,
propylene oxide was used as the transition solvent between the dehydrating
agent and the resin. Each sample was washed in a 1:1 dilution of propylene
oxide for 10-15 min. This was followed by a wash in a 2:1 dilution of
propylene oxide and EtOH for another 10-15 min. The cells were then
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placed into 100% propylene oxide for 10-15 min. Next, the cells were placed
in a 1:1 dilution of propylene oxide and Epon 812 for 1 h, and then allowed to
"stand" in a 2:1 dilution of Epon 812 and propylene oxide for 2 h. The next
two steps consisted of placing the samples in 100% Epon 812 overnight and
changing to a fresh solution of Epon 812 for the following day.
Finally, portions of the pellets (controls and experimentals) were embedded
in beam capsules and cured overnight at 57-60°C.
Stationary phase cells (3-day old) were selected for the comparative
ultrastructural study. Two equal ahquots of cells were subjected to
different fixation protocols. One sample was pre-fixed in pH 7.4, 0.05 M
cacodylate buffered 2.5% glutaraldehyde for 2 h at 4°C and then post-fixed in
2% OSO4 in 0.05 M cacodylate buffer (pH 7.4) for 1 h. The second sample
was pre-fixed as previously stated and post-fixed with a 1% KMn04 solution.
Next, the samples were washed twice (10 min each time) with buffer and
then subjected to a serial acetone dehydration (30-100%). After overnight
infiltration in 1:1 acetone/Spurr's low viscosity fiirm embedding medium
(Spurr 1969) followed by 100% Spurr's overnight, the cells were then
embedded in fresh Spurr's and cured for 8 h at 70°C. Thin sections were
obtained with an LKB ultramicrotome, counterstained in 1% uranyl acetate
for 2.5 h followed by pH 12 lead citrate for 30 min. The sections were then
examined in a Joel-CX-100 electron microscope.
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Chlordiazepoxide at 0.1 mg ml'^ was dissolved in proteose-peptone
medium. Then, the media were "pulled" through a Nalgene filter.
One milliter aliquots of the media were added to the 3 ml sterile growth
medium. The controls received 1 ml sterile medium. The experimental
treatments consisted of rephcates of control (0.0) and 0.1 mg and 0.3 mg
CDZ-5 ml'^ growth medium.
Transmission Immunoelectron Microscopy
Tetrahvmena were cultured for 2 days and harvested as above.
Harvested cells were then processed for immunoelectron microscopy
according to the procedures of Abrahamson (1986) and Altman (1984).
These methods consisted of fixing the collected Tetrahvmena for 2 h at 0-4°C
in 0.1 M, pH 7.2 phosphate-buffered 4% formaldehyde. Following fixation,
the Tetrahvmena were washed with several changes of 0.1 M phosphate
buffer containing 3.5% sucrose. Next, Tetrahvmena were dehydrated
through a graded dimethylformamide (DMF) in HgO. This series consisted
of 50%, 75% and 90% DMF, 10 min each. Then, Tetrahvmena were
infiltrated with Lowicryl K4M using a rotating platform at room
temperature. The infiltration sequence was 1 part lowicryl:2 parts DMF
(10 min), 1 part lowicryl: 1 part DMF (10 min), 100% lowicryl (20 min) and
finally lowicryl (25 min). Final embeddment was within gelatin capsules.
Antigen Purity - To obtain antibody, the purity of chlordiazepoxide
(Hoffman La Roche, Nutley, NJ) was assessed. The purity was determined
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by the aforementioned thin-layer chromatography in three solvent systems.
In addition, the absorption spectrum of the drug was determined and
compared to that in the hterature according to procedure. Two milliliters of
CDZ was dissolved in 0.5 ml of the conjugation buffer which consisted of
0.1 M MES, 0.9 M NaCl, 0.02% NaNg. To ensure solubihzation of the drug,
6 N HCl was added to the drug/buffer solution. Next, 500 pi CDZ was added
to 200pl Keyhole Limpet Hemocyanin (KLH). One vial of (EDC) was
dissolved in 1 ml of HgO and 25 pi immediately added to the KLH solution.
The mixture was incubated for 2 h at room temperature then centrifuged to
pellet precipitate. A sephadex desalting column was poured and washed
with 5 ml purification buffer salts of 0.083 M sodium phosphate, 0.9 M NaCl,
pH 7.2. The conjugated CDZ (660-1000 ug/ml KLH) was layered on the
column and eluted with 500 pi ahquots of equihbration/wash buffer and
0.5 ml fractions collected. The conjugate eluted in the first three fi*actions
(0.2ml) and the immunogen were collected in fi’actions, 4-6, found in the next
2.0-3.0 ml. The peptide was collected in the remaining fi’actions which were
in the next 4-6 ml of the conjugated solution.
Immunization - Since the drug is low molecular weight and thus not
very antigenic, the drug was conjugated with Keyhole Limpet Hemocyamin
in Pierce Inject Immunogen EDC conjugation kit (Fig. 7). Two New Zealand
white rabbits were bled fi-om the ear artery to derive control serum.
Then, they were inoculated intramuscularly with an emulsion consisting of
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Acclimate two 4-5 lb male/SPF New Zealand rabbits
Bleed for non-immune serum
rabbit 1 = 3.0 ml
rabbit 2 = 6.0 ml
Inoculate rabbits 1 and 2 with conjugate emulsified
with Freund's incomplete adjuvant
Each rabbit = 500 pi* left hind leg muscle'^ IM
4-8-93 = 500 pi right hind muscle'^ IM
4-8-93 = 500 pi right hip, SC4-8-93 = 500 pi left hip, SC
*500 pi = 165-250 pg conjugate
Boost rabbits 1 and 2
Inoculate rabbits 1 and 2 with conjugate emulsified
with Freund's incomplete adjuvant
Each rabbit = 500 pl*left hind leg muscle’^ IM5-3-93 = 500pl right hind muscle IM
5-3-93 = 500pl right hip, SC
5-3-93 = 500pl left hip, SC
*500pl = 165-250 pg conjugate
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phosphate-buffered saline (PBS) KLH-chlordiazepoxide conjugate and Freund's
complete adjuvant. Weeks later, the rabbits were re-inoculated with emulsion,
as in Fig. 7, which also provides the bleed schedule.
Quantification of Antibody Titer - To determine whether the serum
contained an antibody to KLH-drug conjugate, an ELISA (Voller et al., 1976)
was performed (Fig. 8, Table 3). Antigen (hemocyanin-drug conjugate) at
1 mg ml * PBS was diluted 1:10, 1:100, 1:200, 1:400, 1:800, 1:1600 and 1:3200
with coating buffer (carbonate-bicarbonate, pH 9.6). The above mentioned
procedure was the first step in the enzyme-linked immunosorbant assay
(ELISA), which included coating the microtiter wells with antigen or antibody.
In this ELISA, an enzyme was used in place of a radioisotope. This eliminated
the problems associated with safety, expense and short shelf-life inherent in
radioimmunoassay reagents. This assay, as well as the several other direct
ELISA(s) involved the absorption of antigen or antibody onto a sohd phase
support.
Indirect ELISA of anti-Chlordiazepoxide - Microtiter plates were
sensitized by passive absorption of 100 pi antigen-hemocyanin conjugate
(diluted 1:100 with coating buffer) then incubated overnight at 4°C.
Next, the plate was inverted to “flick out” the non-absorbed
antigen-hemocyanin conjugate. The wells were then washed 3 times with PBS
Tween that consisted of 2.5 ml Pierce Surfact Amps Tween 20 and 1 packet of
Pierce BupH Dulbecco’s PBS to 500 ml with deionized HgO.
Table 3. Summary of Procedure for ELISA
antigen (top) antiserum (bottom)
Pipet antigen 100 fil/well of each dilution














































































































P, = Hemocyanin-drug coi\jugate P2 = Drug P3* Hemocyanin
NAS » No antiserum NRS = Normal rabbit serum AS = Antiserum
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To each well, 200 nl of BSA-blocking solution (10 ml of blocker BSA in PBS
to 100 ml BupH Dulbecco’s PBS) was added and the plate incubated for 1 h
at 25 °C. Next, 100 pi anti-serum from immunized New Zealand rabbits was
added to each weU, which contained dilute anti-serum 1:100, 1:200, 1:400,
1:800, 1:1600 and 1:3200 with PBS and the plate incubated for 1 h at 37°C.
The samples in the microtiter plate were “flicked out” and washed 3 times
with PBS Tween. Purified goat anti-rabbit IgG (H&L) alkaline phosphatase
conjugate (EIA grade affinity) was diluted with PBS Tween and 100 pi was
added to each well. The plate was again incubated for 1 h at 25°C.
The “flicked” microtiter plate was washed 3 times with PBS Tween and
200 pi of p-nitro phenol phosphate (PNPP) in diethanolamine buffer
(Img PNPP/ml Pierce DEA buffer) and incubated at room temperature for
30 min. The reaction was terminated by adding 50 pi of 3 N NaOH to the
wells. The ELISA microplate was “read” at 405 nm to quantify PNP.
Next, 100 pi ahquots of substrate were added to the wells of Falcon 3192 test
III microtiter plates (Beckton-Dickinson, Oxnard, CA). Following an
overnight incubation at 4°C, the antigen was washed 3 times with
PBS/Tween 20 prior to adding 200 pi BSA-blocker to each well. After 1 h at
25°C, the antigen was washed 3 times with PBS/Tween. Next, 100 pi
ahquots of antiserum at 1:10, 1:100, 1:200, 1:400, 1:800, 1:1600 and 1:3200
were added to the wells (Table 3). The control wells consisted of:
1) no antiserum, 2) diluted normal rabbit serum, 3) no secondary antibody
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or, 4) no antigen subsequent to either a 2 h incubation at room temperature
or 1 h at 37°C. After each well was washed, 10 pi of secondary antibody
consisting of goat anti-rabbit IgG conjugated to alkahne phosphatase
(BioRad Starter Kit/rabbit anti-goat IgG H & L, AP) was added.
The possible occurrence of antibody in the antiserum was monitored by
employing 1 mg paranitrophenylphosphate (PNPP), which contained 97 ml
diethanolamine, 100 mg MgClg, 0.2g NaNg diluted to 1 L at room
temperature. One hundred microhters ahquots were added to each well and
allowed "to sit" for 10 min. Then, 50 pi of 3M NaOH were added to each
well to stop the reaction. Absorbances were determined at 414 nm
immediately after NaOH addition by an ELISA Titertek Multiskan
MCC/340 microplate reader.
Purification of Antibody and Subsequent Tagging with Colloidal
Gold - Polyclonal antibody prepared against chlordiazepoxide - KLH
conjugate was purified according to directions in Pharmacia KLB (Fig. 8).
MAb Trap G allowed for quick and effective purification of cell sample.
The MAb Trap G kit contained prepared buffers of the highest quality buffer
salts and water filtered through a 0.22 pm membrane. The column was
prepared with 3 ml Protein G Sepharose 4 FF. This allowed up to 25 ml of
cell culture supernatant to be apphed. The MAb Trap G kit contained a
Binding Buffer (0.2 M sodium phosphate, pH 7.0) with a 10 X concentrate
containing 0.05% sodium azide as a preservative. The Elution Buffer
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Dialyze antibody (affinity purified) IL against PO4 buffer
(30 min, 4“C)
i
Dialyze against 2nd IL PO4 b\iffer
1




(discard) (10 ml of gold sol)
Adjust pH to 7.4
Invert 6 times and let sit for 5 min
i
Add fresh/filtered 1% PEG-Carbowax
20 to 10 ml gold
1
Centrifuge lOK 30 min at 4°C
~12,000rpm Corex 8441
\
Aspirate supernatant and discard pellet
i
Resuspend in 1 ml (20 mM
Tris-Buffered Sol)
1





consisted of 1.0 M glycine-HCl at pH 2.7, and a Neutralizing Buffer,
1.0 M Tris-HCl, azide as a preservative. The buffers and columns were
stored at 4°C. The sample was prepared by centrifugation at 10,000 xg for
10 min and filtered through a 0.22nm membrane. The purification
procedure was initiated by opening the Protein G Sepharose 4 FF column
and the top cap removed. The 20% ethanol storage solution was poured off
the column. The column was equihbrated by filling it to the top with
Binding Buffer (~30ml), then allowed to drain. The column stopped flowing
automatically as the meniscus reached the top fi’it, this also prevented the
column fi*om drying out. The prepared sample was apphed to the top of the
frit where it then absorbed into the gel. The unbound proteins were washed
away when the column was filled to the top with binding Buffer (~30 ml).
The buffer passed through the column and all unbound materials were
eluted. The bound IgG was eluted when the column was filled with Elution
Buffer to the elution buffer fine (~ 15 ml) on the column. The antibody
samples were collected in 1 ml fractions to assure concentrated samples.
The fi'actions were monitored by absorbance at 280 nm.
In addition, serum prior to immunization was chromatographed
(control). The same amount of serum protein derived from a rabbit prior to
and after immunization was layered. Protein was detected by UV-
spectroscopy at 280 nm. The affinity purified Ab was dialyzed twice in
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2L pH7.4, Na2HP04/NaH2P04 buffer in dialysis tubing (MW cut-off 8,000) for
30 min at 4°C,
The colloidal gold was adjusted to a pH of 7.4 with K2CO3 added to
varying amounts of antibody (Fig. 8). The tube that presented a pink color
(stabihty) contained the amount of antibody to be used for conjugation with
the gold. The selected antibody samples were combined with 1/10 volume of
H2O and centrifuged at 2,000 rpm for 25 min at 4°C. The gold was added to
the tube (enough to stabihze to pink color). Polyethylene glycol
(Carbowax 20 K) was added to the tubes and inverted 6 times. The tubes
were re-centrifuged at 10,000 rpm for 30 min at 4°C. After aspirating as
much supernatant as possible, the pellet was resuspended in buffer
(0.22 pm filtered 20 mM tris-sahne, pH 8.2, 0.1% BSA and 0.05% NaNg).
The colloidal gold tagging of antibody followed the modified procedures of
Roth 1983; Hisanu and Diakoku, 1993; and Park et al., 1987.
Concomitant with the preparation of tagged antibody, cells were
exposed to CDZ for transmission electron microscopy and prepared for
transmission immunoelectron microscopy. Embedding ofpurified samples
entailed fixing in 1-4% paraformaldehyde in O.IM phosphate buffer, 2 h at
4°C. The cells were washed 2X in 0.5 M ammonium chloride plus 3.5%
sucrose for 10 min. Dehydration consisted of a graded series of rinses in
dimethylformamide (DMF) in dH20, 2X for 2 min.
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The samples were infiltrated in 1 part LiOwicryl:2 parts DMF then
1 part Lowicryl 1 part DMF for 10 min. The samples were transferred to
100% Lowicryl for 20 min. and another 100% change for 20 min.
The dehydration/infiltration procedures were performed on a rotating
platform at room temperature. The Lowicryl Kit was purchased from
polysciences and consisted of 2g Crosshnker “A”, 13g Monomer “B” and 75mg
of Initiator “C”. Approximately, 20 mis of Lowicryl was prepared and gently
mixed with a stir paddle. Twenty milliliters of sample were poured in
Gelatin capsules that were approximately 0.5 full with fi*esh Lowicryl.
Each capsule was filled to the brim with additional Lowicryl and covered
with the capsule top. Blocks were labeled after hardening. To polymerize,
the filled Lowicryl capsules were placed in a flexible plastic ELISA plate
where the wells were cut out so the base of the capsules protruded beneath
the bottom of the plate. The ELISA plate was attached to a clamp on a ring
stand. This apparatus was placed in an aluminum foil-fined cardboard box.
A hole was cut in the underside of the box for the lamp cord and a UV lamp
[25 Watts, General Electric, F25T8/BL, (single 18 inch tube)] placed inside.
The box was placed in a cold room and samples allowed to polymerize for 2 h
of 4°C. The blocks were trimmed and sections picked up on uncoated nickel
grids.
For immunolabefing, all solutions were filtered through a 22 pm
cellulose acetate (Corning) filter. The grids, with attached sections, were
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treated with 1 ml ammonium chloride in PBS, 1 h, at room temperature
followed by rinse in a gentle stream of PBS. The grids were then treated
with 0.1% BSA in PBS, 1.5 - 2 h at room temperature. They were rinsed
with 2 - 3 drops of BSA in PBS, 30 sec/drop and rinsed in another gentle
stream of PBS. The sections were incubated with the primary antibody
diluted with 0.1% BSA in PBS that was affinity purified IgG at a final
concentration of 15 g/ml overnight (24h) at 4°C, followed by a thorough wash
with PBS.
The colloidal gold - Ab conjugate was diluted 1:3 with PBS and
incubated for 2-3 h at room temperatxu’e. The incubation was followed by a
thorough wash with PBS the dHgO, 10-30 sec wash and then stained with
lead citrate for 30 sec. The sections were treated with a final wash with
dHgO. The procedures were adapted fi-om Abrahamson, 1986.
CHAPTER 4
RESULTS
Thin-Laver Chromatography of Chlordiazepoxide
ChloroformiAcetone
Chromato^apv of Methanolic Extracts of Tetrahvmena. Growth
Medium and Authentic Drug - Thin-layer chromatography of growth
medium from 3 day cultured Tetrahvmena spotted onto sihca gel plates
(lane 1) yielded three fluorescent compounds (Fig. 9). These compounds
possessed RfS of 0.40, 0.42 and 0.84 (Table 4). When the medium was
mixed with authentic unlabeled chlordiazepoxide (lane 2), three UV
fluorescent compounds were observed with RfS similar to those in the
medium. These UV fluorescent compounds were also seen following
chromatography of Tetrahvmena extracts (lane 3) as well as Tetrahvmena
extracts together with authentic unlabeled drug (lane 4). Chromatography
of either 20 pg (lane 6) or 200 pg (lane 5) of authentic unlabeled
chlordiazepoxide yielded two fluorescent spots with RfS of 0.34 and 0.42.
Chromatography of Chlordiazepoxide Dissolved in Methanol and
Isoamvl Alcohol.Benzene - Figure 10 compares the RfS of chlordiazepoxide
which was either stored (lanes 1 and 2) in methanol for 5 days or prepared
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Figxire 9 Thin-layer chromatography (TLC) of chlordiazepoxide,
methanolic extract® of Tetrahvmena homogenates and
growth medium.
nedliM (ICOu)) Medium tdrug (lOOul) extract (lOOul) extract tdrug (lOOul) drug(lOOul) drug (lOul)
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Table 4. Thin-Layer Chromatography of Chlordiazepoxide HCl
and Methanolic Extracts of Tetrahvmena pvriformis and
Growth Medium in ChloroformrAcetone (1:1, v/v)
Lane Number Contents Spot Number Rf
1 medium 1 0.40
2 0.42
3 0.84
2 medium & drug 1 0.34
2 0.41
3 0.81
3 extract 1 0.15
2 0.42
3 0.74
4 extract & drug 1 0.17
2 0.42
3 0.62
5 drug (100 nl)“ 1 0.34
2 0.42




Figure 10 Thin-layer chromatography of authentic chlordiazepoxide
dissolved in methanol or isoamyl alcohohbenzene.
0
0
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fresh (lanes 3 and 4). In the latter case, one UV fluorescent compound with
an Rf 0.36 was apparent (Table 5). In contrast, three fluorescent
compounds were noted indicating that the drug degrades during storage in
methanol. If the drug is dissolved in isoamyl alcohoLbenzene and
immediately chromatographed (lane 5), a single UV fluorescent compound
was observed. It appears that dissolving the drug in isoamyl
alcohoLbenzene results in a shghtly lower Rf than when it is dissolved in
methanol.
Chromatography of Chlordiazepoxide Stored in Methanol or Isoamvl
AlcohoLBenzene - The RfS for chlordiazepoxide stored in methanol or isoamyl
alcohoLbenzene for various times and then chromatographed in
chloroform:acetone are presented in Table 6. Storage of the drug in
methanol for more than 30 days (lane 1) or 7 days (lane 2) resulted in two
fluorescent compounds (Fig. 11) substantiating the suggestion that the drug
degrades when stored in methanol for as httle as 7 days. However, lanes 3
and 4 depict that the drug can be stored for at least 7 days or prepared fresh
in isoamyl alcohoLbenzene without degradation, as a single fluorescent
compound was witnessed in freshly prepared drug and that stored for 7 days
in isoamyl alcohoLbenzene.
Chromatography of [^‘*C]-Chlordiazepoxide in Chloroform:Acetone-
Table 7 and Fig. 12 are concerned with assessing the final purity of
[^‘‘C]-chlordiazepoxide through chromatography of unlabeled drug.
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Table 5. R(S for Chlordiazepoxide Prepared Fresh in Methanol or
Stored Five Days in Methanol or Prepared Fresh in
Isoamyl AlcohohBenzene and Chromatographed in
ChloroformAcetone (1:1, v/v)
Lane Number Contents Spot Number Rf
1 1 0.34
20 pg chlordiazepoxide 2 0.52
Stored in 10 pi methanol 3 0.70
2 1 0.37
200 pg chlordiazepoxide 2 0.51
Stored in 100 pi methanol 3 0.68
3 20 pg chlordiazepoxide 1 0.36
Prepared fresh in methanol 3
4 200 pg chlordiazepoxide
Prepared fresh in methanol - -
5 20 pg chlordiazepoxide
Prepared fresh in isoamyl
alcohohbenzene
1 0.25
6 200 pg chlordiazepoxide




Figure 11 TLC of authentic drug stored for a 30 day and 7 day period
in methanol and drug dissolved in isoamyl alcohohbenzene
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Table 6. RfS for Chlordiazepoxide Stored in Methanol or Isoamyl
Alcohol:Benzene for Various Times and Subsequently
Chromatographed in ChloroformiAcetone (1:1, v/v)
Lane Number Contents Spot Number Rf
1 200 fig chlordiazepoxide 1 0.31
Stored for more than
30 days in methanol
2 0.65
2 Unlabeled drug MeOH 1 0.31
200 fig chlordiazepoxide
Stored 7 days in methanol
2 0.50
3 200 fig chlordiazepoxide
Stored 7 days in isoamyl
alcohohbenzene
1 0.34
4 200 fig chlordiazepoxide
Prepared fresh in methanol




Figure 12 TLC of authentic chlordiazepoxide, [*‘*C]-chlordiazepoxide,













Table 7. Thin-Layer Chromatography of Unlabeled and
P^C]- Chlordiazepoxide in Chloroform:A.cetone (1:1, v/v)
Lane Number Contents Spot Number Rf
1 100 pi unlabeled drug® 1 0.46
2 0.55
2 10 pi of labeled drug _b -
3 100 pi unlabeled and 1 0.44
10 pi of labeled drug 1 0.53
“100 \il = 200 ^g
'’Radioactive spot not detected by UV monitoring
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labeled drug dissolved in isoamyl alcohoLbenzene and a mixture of
unlabeled and labeled drug (lanes 1, 2 and 3, respectively). Whereas
chromatography of non-radioactive drug in chloroformiacetone (1:1, v/v)
yielded two fluorescent compounds with RfS of 0.46 and 0.55,
chromatography of radioactive drug followed by Hquid scintillation counting
of scraped plate segments, resulted in segment 10 yielding most of the
radioactivity, (Fig. 13). Lane 3, chromatography of unlabeled and labeled
drug, mirrors the results observed in lanes 1 and 2. The fluorescent
compounds with an Rf of 0.44 and 0.53 corresponded to the radioactivity in
segment 10, (Fig. 13).
Uptake of [^^Cl-Chlordiazepoxide - Figure 14 presents the uptake of
[^^C]-chlordiazepoxide by Tetrahvmena cultured for 5 days in Tetrahvmena
proteose-peptone medium. It is apparent that Tetrahvmena removed about
15% of the exogenous radioactivity added to the growth medium. In
addition, a portion (about 10% of the chlordiazepoxide depleted from the
medium) was non-specifically bound to Tetrahvmena's cell surface as the
radioactivity could be removed from the cells by washing the cells with
growth medium lacking radioactivity.
Thin-Laver Chromatography of f^'*C1-Chlordiazepoxide Cellular
Homogenates and Growth Medium of T. pvriformis - Thin-layer
chromatography of Tetrahvmena. (Fig. 15, Table 8) followed by hquid
scintillation counting of isoamyl alcohokbenzene cellular extracts
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Figures 13A & 13B Histograms of distribution of radioactivity
following TLC of [^^C]-chlordiazepoxide





Figure 14 Uptake of [^‘*C]-chlordiazepoxide by liquid cultured
Tetrahvmena.
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Figure 15 TLC of reconstituted homogenized [*^C]-extracts in isoamyl
alcohohbenzene, reconstituted homogenized [^‘‘C]-extracts in
isoamyhhenzene and authentic drug in isoamyl alcoholrbenzene
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Table 8. Thin-Layer Chromatography of Isoamyl AlcohohBenzene
Extracts of Cellular Homogenates and Growth Medium
for Tetrahvmena Grown in [^^C]-Chlordiazepoxide
Lane Number Contents Spot Number R,
1 50 fil cellular extracts
of sample 1
- -
2 50 pi cellular extracts
of sample 1 and
1 0.30
50 pi unlabeled 2 0.37
drug in isoamyl 3 0.52
alcoholrbenzene 4 0.72
3 50 pi cellular
extracts of sample 2
- -
4 50 pi cellular extracts 1 0.30
of sample 2 and 50 pi 2 0.36
unlabeled drug 3 0.51
4 0.72
5 50 pi radioactive
medium
1 0.28
6 50 pi radioactive 1 0.29
medium and unlabeled drug 2 0.37
3 0.52
4 0.72
7 100 pi radioactive drug - -





of Tetrahvmena exposed to [^^C]-chlordiazepoxide for 5 days in liquid culture
yielded four major radioactive peaks (lanes 1 and 3) with the bulk of
the radioactivity apphed to the TLC plates being recovered in peaks 2 and 3
(Fig. 16). When isoamyl alcohokbenzene extracts of [^^C]-labeled
Tetrahvmena were mixed together with unlabeled drug stored for 4 months
in isoamyl alcohokbenzene and subsequently chromatographed in
chloroform:acetone, three UV fluorescent compounds were observed
(Fig. 17, Table 9).
Combined thin-layer chromatography and hquid scintillation counting
of isoamyl alcohokbenzene extracts of growth medium supplemented with
[^‘*C]-chlordiazepoxide (lane 5) yielded four radioactive peaks with the
majority of the radioactivity occurring in the second peak (Fig. 16).
When the radioactive medium was mixed with unlabeled drug (lane 6), three
to four fluorescent compound which migrated with RfS similar to radioactive
peaks 2, 3, and 4 were observed.
Thin-Laver Chromatography in Benzene-n-Propanol-Conc
Ammonium Hydroxide - When chlordiazepoxide was dissolved in isoamyl
alcohokbenzene (75:25, v/v) and chromatographed immediately in benzene-
propanol cone ammonium hydroxide, one spot was observed (Fig. 17, lane 1)
with an Rf of 0.72 (Table 9). In contrast, if the drug was dissolved in
isoamyl alcohokbenzene, stored for 6 months and then chromatographed.
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Figure 16A Histogram of the distribution of radioactivity upon plates
following chromatography of isoamyl alcoholrbenzene extracts
of cells (A) exposed to [^^C]-chlordiazepoxide.
Figure 16B Histogram of the distribution of radioactivity upon plates
following chromatography of isoamyl alcohohbenzene of
growth medium (B) exposed to [^^C]-chlordiazepoxide.
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Table 9. Fresh Drug Preparation in Isoamyl AlcohohBenzene and
Stored Drug in Isoamyl AlcohohBenzene and a
Combination Chromatographed in Benzene-n-Propanol-
Conc Ammonium Hydroxide.
Lane number Contents Spot Number R,
1 fresh drug in 1 0.72
isoamyl alcohohbenzene
(100 ^1)
















four spots were observed (lane 2) with R^s of 0.46, 0.66, 0.72, and 0.90,
respectively (Table 9). Similar spots (lane 3) and RjS (Table 9) were
observed when equivalent amounts of freshly prepared drug and drug
stored in isoamyl alcohohbenzene were mixed and chromatographed.
Thin-Laver Chromatography of Chlordiazepoxide in Ethvl
Acetate-Methanol and 25% Ammonium- If chlordiazepoxide was either
freshly prepared or stored for 44 days in isoamyl alcohohbenzene and
chromatographed in ethyl acetate, methanol and 25% ammonia (lanes 1-5), a
single spot (Fig. 18) with an Rf of 0.42-0.44 was observed (Table 10).
Inhibition of Growth and Motihtv bv Chlordiazepoxide - Tetrahvmena
pvriformis cell growth was assessed in the presence of 0.1 and 0.3 mg CDZ
5 ml’^ growth medium by estimating turbidity at 340 nm in a Beckman
spectronic 20 or by quantifying cell numbers using an ultra plane
hemacytometer. The effect of CDZ on Tetrahvmena's growth is depicted
in Fig. 19. By 12 h after inoculation, all cells appeared to be at the same
growth phase. After 24 h, there was a measurable dose-dependent
difference in the population density of the cells. Chlordiazepoxide induced
inhibition of growth was partially reversed between 96 and 120 h.
Typical cell growth recovered after 72 h throughout the remainder of the
experiment. Examination of these control and growth inhibited cells at
later phases of the cycle by phase-contrast and electron microscopy revealed
decreased motihty and a highly vacuolated cytoplasm, followed by a change
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Table 10. Fresh Drug Preparation in Isoamyl Alcohol:Benzene and
Stored Drug in Isoamyl Alcohol:Benzene and a
Combination of Fresh and Stored Drug
Chromatographed in Ethyl Acetate-Methanol and 25%
Ammonia.
Lane number Contents Spot Number RfS
















5 fresh and stored drug in
isoamyl alcohohbenzene
(50 ^l; 50 ]il)
2 0.44
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Figxire 19 Effect of chlordiazepoxide hydrochloride on the growth of
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Concomitant with assessment of cell growth in the presence of
0.1 mg CDZ 5 ml'^ and 0.3 mg CDZ 5 ml'^ motility studies were performed.
Results of motility studies revealed a proportional diminution in cell number
with increasing drug concentration (Table 11). Utilization of the motility
equation yielded results consistent with that of the various phases of the
population growth.
Growth of Tetrahvmena pvriformis in liquid cell culture somewhat
simulated the lag, acceleration, exponential, stationary and decline phases of
the tjqjical protozoan population growth curve. Although these phases were
observed for both non-treated and treated cultures, the drug readily
produced growth curves and motility counts below that of non-treated cells.
Transmission Electron Microscopy - Transmission electron
micrographs of drug treated and non-treated Tetrahvmena are displayed in
Figs. 20-22. Examination of non-treated Tetrahvmena (Fig. 20, upper)
revealed that the cytoplasm of the control contained abundant polysomes,
mitochondria and vacuoles as well as localizations of microtubules.
In contrast, the cytoplasm of drug-treated Tetrahvmena (Fig. 22, lower)
appeared to be highly vesiculated possessing mitochondria with
hypertrophied cristae. In addition, there appeared to be fewer vacuoles in
drug-treated cells and shrinkage of the latter was absent. With regard to
microtubules, an obvious difference in their ultrastructures between
non-treated (Figs. 20-22, upper) and CDZ treated was not apparent.
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Figure 20 Transmission electron micrographs of non-treated (upper) and
0.1 mg CDZ treated (lower) per 5 ml'^ counterstained with lead
citrate and uranyl acetate - X 3,000.
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Figure 21 Transmisson electron micrographs of non-treated (upper) and
0.1 mg CDZ treated (lower) per 5 ml * counterstained with lead
citrate and uranyl acetate - X 5,000.
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Figure 22 Transmission electron micrographs of non-treated (upper) and
0.3 mg CDZ treated (lower) per 5 ml'^ counterstained with lead
citrate and uranyl acetate - X 10,000.
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It should also be noted that in the untreated Tetrahvmena there are
numerous immature mucocyst granules. In the 0.1 mg 5 ml’^ treated cells
more mature and near-surface related mucocyst granules could be seen.
ELISA of Antiserum Immunoaffinitv - Table 12 summarizes the
absorbances at 414 nm following an ELISA of antiserum derived from
rabbits immunized with conjugated hemocyanin (KLH)- chlordiazepoxide
(CDZ). It is apparent that putative KLH-CDZ (Pi), CDZ (Pg) and KLH (Pg)
all exhibited similar phosphatase activity when added to wells containing
the antiserum. Furthermore, the extent of activity as assayed with
p-nitrophenylphosphate as the phosphatase substrate was dependent upon
dilution of the antiserum, i.e., as the antibody was diluted, the phosphatase
activity decreased. In addition, if normal antiserum (NAS) was not added
to the wells containing Pj, Pg, Pg, phosphatase activity was reduced.
However, this was not the case if normal rabbit serum (NRS) was added
instead of antiserum. When both antiserum and secondary antibody were
added to wells lacking antigen (NA), a marked reduction in phosphatase
activity was observed. The phosphatase activity background for empty
wells was 0.058 absorbance.
Table 13 presents the absorbances at 414 nm following an ELISA of
antiserum (bleed 2) derived from rabbits immunized and boosted with
hemocyanin-chlordiazepoxide conjugate. As in bleed 1, Pp Pg and Pg yielded
phosphatase activity against p-nitrophenylphosphate when antigen.
Table 12. Absorbances at 414nm Following an ELISA Assay ofAntiserum Derived From Rabbits











A 0.237* 0.249 0.239
0.137 0.143 0.155
B 0.189 0.223 0.210 NA^ NAS NAS
C 0.204 0.179 0.208
0.230 0.160 0.148
D 0.184 0.169 0.178 NRS** NRS NRS
E 0.154 0.163 0.172 0.105 0.107
NA* NA
F 0,147 0.173 0.194
“Data are averages of two replicates except for row E, Pj and P2 are blank wells = 0.058 where N = 46
‘T, = Pooled putative hemocyanin - drug coiyugate
'P.^ = Pooled putative drug
‘‘P;, = Pooled putative hemocyanin
’’NAS = Normal antiserum
"^NRS = Normal rabbit serum
•T^A = No antigen
Table 13. Average Absorbances at 414n]n Following an ELISA Assay of Antiserum Derived
From Rabbits Immunized and Boosted with Hemo<^nin«Clilordiazepozide
Conjugate
Run/Sample P-’’ Pi* P,- P. P.
Controb
P. 1
A 0.720 0.761 0.738 0.121* 0.107 0.137 1
B 0.237 0.467 0.420 1.039^ 0.817 0.907
C 0.274 0.273 0.292
0.928* 0.694 0.516
D 0.203 0.148 0.210
B 0.154 0.154 0.110 0.759^ 0.713 •0.001
F 0.115 0.121 0.133 0.008 0.002 -0.006
G • •0.006 0.004 0.004 •0.003 •0.006 1
“ •0.003 •0.003 0.000 •0.002 •0.001 1
a,b,c undiluted antiserum
‘Data are averages of two replicates except for P„ Pj and P, rows A, B and B
‘’P, = Pooled putative hemoi^anin - drug conjugate
'Pg = Pooled putative drug
‘‘Pj = Pooled putative hemoi^anin
*NAS = Antiserum
^Undiluted antiserum
*NRS = Normal rabbit serum
‘‘NA = No antigen
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antiserum and goat anti-rabbit were added together (Pj, Pg, P3 A-F).
However, this activity was in excess of that for bleed 1 (immunization
without boosting). The extent of the activity was antibody-dilution
dependent. When antiserum was deleted, phosphatase activity was greatly
reduced (Pj, Pg, P3, control A). If the antiserum was utilized undiluted,
phosphatase activity was enhanced (P^, Pg, P3, control B). When antigen
was withheld the activity was less than if undiluted antiserum was
employed. In contrast, if normal rabbit antiserum was used, the activity
was less.
Immunoaf&nitv Purification ofAnti-Chlordiazepoxide - A view of the
MAb Trap G profiles of pre-immune and anti-serum derived from
New Zealand rabbits prior to and after serum immunization are presented in
Fig. 23. Two peaks (A and B) were obtained when the same amount of
protein was layered onto MAb Trap G for both sera. Peak A was eluted with
binding buffer and peak B was eluted with elution buffer. The amphtude of
peak B putative antibody 1 was 2.5 times that present in normal serum.
These elution profiles could be rephcated.
Colloidal Gold Tagging of Antibody - Addition of colloidal gold to
immunoaffinity purified putative antibody (Peak B, Fig. 23) resulted in
graded pink to blue solution lines. Table 14 presents the ^520 nm
absorbances for the various antibody concentrations used to determine that
0.5 pi and 10 pi amounts would be used for subsequent conjugation.
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Figvire 23 MAb Trap G elution profiles of non-immune (A) and immune




Table 14. Absorbances at 520 nm for Varying Amounts of
Antibody Tagged with Colloidal Gold
Antibody* Colloidal Gold PBS ^520 nm
Aliquot Aliquot Size Aliquot Size
W Oil) Oil)
1 500 100 Blank
5 500 99 0.000
10 500 95 0.093
50 500 90 0.099
75 500 25 0.265
100 500 0 0.089
“Antibody stock 1 mg ml'^
'’Gold 25 ml commercial preparation
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Transmission Immunoelectron Microscopy
Figure 24 presents transmission immunoelectron microscopy of
Lowicryl embedded Tetrahvmena pvriformis cultured with chlordiazepoxide.
Figure 25 presents transmission immunoelctron microscopy of Lowicryl
embedded Tetrahvmena pvriformis cxiltured without chlordiazepoxide.
These microscopies did not reveal an association of immunogold with either
microtubules or any other cytoplasmic organelle.
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Figrire 24 Survey transmission immimoelectron micrograph of
paraformaldehyde-fixed, dimethylformamide




Figure 25 High magnification transmission immunoelectron
micrograph of paraformaldehyde-fixed,
dimethylformamide dehydrated, Lowicry-embedded




Thin-layer chromatographic detections of chlordiazepoxide in
Tetrahvmena cellular extracts and growth medium processed for
chromatography in methanol are presented in Fig. 9. In addition, migration
mixtures of cellular extracts and drug (lane 4), as well as of growth medium
and drug (lane 2) were compared to the migration of authentic drug
dissolved in MeOH alone (lanes 5 and 6). Chloroform:acetone was the
developing solvent system for this chromatogram(Fig. 9), and the first of
three mobile phases used in this study. At the minimum, three UV
fluorescent compounds appeared in those lanes containing extracts, medium,
extracts/drug and medium/drug. Only two UV fluorescent spots resulted
from the migration of varying amounts of authentic drug alone.
Obviously, at least one UV fluorescent compound, possessing an Rf of 0.42,
was common to all lanes. These data suggest that both Tetrahvmena
extracts and growth medium contain, at the minimum one UV fluorescent
compound with an Rf similar to that of the drug, indicating a "false-positive.”
The migration of stored and fresh preparations of authentic
chlordiazepoxide dissolved in methanol and the same drug prepared fresh in
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isoamyl alcohol.benzene is seen in Fig. 11. Three UV fluorescent
compounds were seen when the drug was stored in methanol as opposed to a
single UV fluorescent compound resulting from "fresh" preparations of the
drug dissolved in either methanol or isoamyl alcohol: benzene. It is appears
that degradation occurs upon prolonged storage of the drug in methanol.
A comparison of R^s for chlordiazepoxide dissolved in either methanol or
isoamyl alcohohbenzene clearly revealed a lower Rf when isoamyl
alcohohbenzene was employed as the solvent.
The chromatographies of fresh and stored isoamyl alcohoLbenzene
preparations of authentic chlordiazepoxide in benzene,n-propanol,
cone ammonium hydroxide were compared in Fig. 17. One fluorescent spot
appeared in lane 1 resxilting from spotting of 200pg of chlordiazepoxide
freshly prepared in isoamyl alcohohbenzene. As illustrated, four fluorescent
UV compounds resulted from spotting of stored drug (lane 2) and an overlay
of fresh and stored drug (lane 3), respectively. The Rf of authentic
chlordiazepoxide freshly prepared in isoamyl alcohohbenzene and
subsequently chromatographed in benzene, n-propanol, cone ammonium
hydroxide is significantly higher than the same drug condition and
preparation chromatographed in chloroform:acetone. As seen in Fig. 17,
at least one UV fluorescent compound common to all lanes had an Rf of
approximately 0.72. The data imply that fluorescent compounds recurrent
in the stored and fresh/stored drug overlay could signify a "false-positive."
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The mobile phase, ethyl acetate, methanol and 25% ammonia, appears
to be compatible for the chromatographies of fresh, stored, and fresh/stored
authentic chlordiazepoxide dissolved in isoamyl alcohohbenzene.
The appearance of one fluorescent ‘cap’ in each lane (Fig. 18) with very
similar Rf values (Table 10), indicated stabihty of the drug when dissolved in
isoamyl alcohoLbenzene and chromatographed as a fresh, stored, or mixed
preparation. Apparently, the development of one fluorescent compound in
lanes 1-5 of Fig. 18 suggests that there is no degradation of CDZ following
its prolonged storage in isoamyl alcohoLbenzene, and subsequent
chromatography in ethyl acetate, methanol and 25% ammonia.
As evidenced in Fig. 14, Tetrahvmena pvriformis removed about
15% of the exogenous radioactivity from the medium. This removal could
have been by way of the oral apparatus of the organism or through
phagoc5d;osis (endocytosis). Liquid scintillation counting of ‘washes’ of cells
cultured daily during the five day experiment suggested non-specifically
bound cell surface radioactivity.
The significant amount of radioactivity remaining in the medium after
five days of culture denoted that Tetrahvmena was not highly efficient at
radioactive uptake as would be assumed. Most of the uptake was occurred
during either the log or exponential growth phases of cell culture.
Tetrahvmena pvriformis cultured in proteose-peptone medium
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removed only about 15% of the radioactivity from [^'‘C]-CDZ present in the
medium. To obtain a more significant uptake, it may be necessary to
solubilize the drug in a rapid penetrant such as DMSO (Gill et al, 1981).
In this connection, many other investigators employed DMSO to solubilize
antibiotics to study their effects on I. pvriformis population dynamics.
However, Nilsson (1977) reported that DMSO could alter the fine structure
of Tetrahvmena. The mechanism by which Tetrahvmena removes [^^C]-CDZ
from the growth medium is unknown. Because CDZ is a low molecular
weight compound, it may become intracellular by simple diffusion.
Although it is more likely that there may be membrane-bound binding sites
facilitating its absorption. Indeed, Csaba and Inczefi-Gonda (1989) provided
some evidence that such sites may exist upon Tetrahvmena's plasma
membrane. These investigators employed both autoradiography and cell
fractionation coupled with [®H]-labeled and unlabeled diazepam.
However, rigorous proof that the cell fi:actions contained plasma membrane
benzodiazepine binding sites was not provided as neither marker enzymes
nor TEM were employed to identify the organeUar contents of the cell
fractions. In addition, Scatchard plots were not performed to indicate low
and/or high affinity CDZ binding sites. Thus, the preparation of highly
enriched plasma membrane fractions from Tetrahvmena homogenates
should be derived by combined differential and gradient centrifugations.
Once these fractions are identified by combined marker enzymes and TEM,
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binding studies utilizing mixtures of unlabeled and high specific activity
[^H]-CDZ could be performed. Then, Scatchard plots could be constructed to
determine if there are low and high affinity plasma membrane bound CDZ
binding (receptor) sites. Tetrahvmena membrane receptors for colistin also
appear to exist.
Another way of enhancing CDZ uptake may involve utilizing
alternative growth medium since Anderson and HeUung-Larsen (1989) have
demonstrated that both the volume and the dry weight of Tetrahvmena
could be affected by medium composition and temperature.
Furthermore, Anderson and HeUung-Larsen reported the ceU surface for
nutrient uptake could be enhanced by altering growth medium composition.
The possible coating of latex microspheres may be another way of increasing
CDZ uptake as cultured T. pvriformis possesses the ability to ‘take up’ these
particles (Lavin et al, 1990).
To assess whether CDZ enters Tetrahvmena through a phagocytic
process, ceUs with and without CDZ administration could be grown with and
without polym5rxin, gentamycin and neomycin which are known to inhibit
phagoc5dosis in I. pvriformis (Krawzynsha, 1990).
The data presented in Fig. 16 suggest that Tetrahvmena either
removed the CDZ breakdown products together with CDZ within the
aqueous proteose-peptone growth medium or that Tetrahvmena possesses
the capacity to metabohze the drug. Tetrahvmena pvriformis possesses the
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enzymes to metabolize the drug by CDZ metabolic studies in various rodents
(Randall et al. 1965; Hines 1960; Randall 1961; Girant and Columbo 1993).
However, there is a marked disparity between the multicellular
vertebrate rodent and the unicellular protozoan Tetrahvmena systems.
Thus, extrapolating from rodents to Tetrahvmena is at best tenuous.
Nevertheless, it would be of interest to know whether Tetrahvmena
possesses analogous rodent enzymes for CDZ metabohsm. This could be
accomplished through the isolation, purification and characterization of such
enzymes as well as possible intermediates.
Another line of evidence which supports the possibility that
Tetrahvmena could metabolize CDZ is the observation that other xenobiotics
such as aldrin and phorate can be both taken-up and metabolized by
T- pvriformis (Dhanaraj et al. 1989).
Thin-layer chromatography suggests that CDZ can be recovered from
Tetrahvmena even after five days of culture. To verify this, the putative
CDZ could be eluted from the TLC plate and subjected to additional
'clean-up' by HPLC and subsequent identification by GC/MS.
However, DivoU et al. (1982) reported that unlike other commonly
administered benzodiazepines, chlordiazepoxide cannot be reliably
quantitated by gas-liquid chromatographic methods, since the parent
compound and its metabohtes undergo rearrangement and/or fragmentation
at column temperatures required for analysis. Other identification
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approaches could involve absorption (Strojny et aL, 1977) and difference
spectra (Davidson 1984) as well as melting point determination of CDZ
isolated, purified and crystallized fi’om Tetrahvmena.
Tetrahvmena growth monitored by an increase in cell number was
inhibited by two benzodiazepine concentrations. There was a consistent
agreement in assessing the effect of CDZ on cellular growth whether by
packed cell volume or measurements as a result of direct cell counts.
Figure 20 illustrated the Tetrahvmena population growth curve in either the
absence of or in the presence of 0.1 and 0.3 mg CDZ 5 ml’^ proteose-peptone
growth medium.
Vacuole formation and presence are intimately associated with
Tetrahvmena growth. Tetrahvmena can grow in a medium which is defined
(Kidder and Dewey, 1951), undefined, or which contains bacteria as a food
source. Media that are not fi*ee of bacteria are of httle value to the
biochemical protozoologist (Hill, 1972). Rasmussen and Kludt (1970) made
the important observation that particulate material is required for
Tetrahvmena rapid ceU multiphcation. Growth in sterile-filtered
proteose-peptone is improved by the addition of insoluble materials such as
talcum, quartz, clay, and calcium carbonate and by the addition of water
soluble compounds that produce insoluble particles in aqueous solution (Hill,
1972). The previous authors simmised that some of the essential nutrients
present in proteose-peptone must enter the cells via food vacuoles.
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A typical cell population growth curve for X- pvriformis can be divided
into the following phases: lag, acceleration, exponential Gog), maximum
stationary, dechne, and logarithmic decline. The lag phase is characterized
by an initial period of no increase in cell number or sometimes even a slight
drop in cell number (Fig. 19). This is followed by a phase of accelerated
increase in cell number. The log phase is followed by a phase of
decelerating increase in cell number, and then by a stationary phase in
which cell number is maximal and rather constant for a time. With time,
the culture enters into a decline which can be divided into a phase of
accelerating and one of logarithmic cell death (Elliott, 1973).
Tetrahvmena cell growth was assessed in the presence of 0.1 mg 5 ml'^
and 0.3 mg 5 ml'^ of the benzodiazepine-chlordiazepoxide. Previous studies
and data reported here (Fig. 19) show that several points in the growth cmrve
indicate that I. pvriformis exhibited stimvdation of appetite for the medium
(Bell et al. 1987). Results of motility studies revealed a proportional
diminution in cell number with increasing drug concentration. It would be
of interest to re-examine the effects of CDZ on motility by video analysis
(Cassidy et al. 1989).
The electron micrographs presented in Figs. 20-22 revealed that
exogenously supplied CDZ did not appear to alter microtubular structure.
In this connection, x-ray crystallography might elucidate structural
microtubular structures not visuahzed by TEM (Wade and Chretien, 1993).
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However, it is possible that administered CDZ may have promoted a subtle
biochemical change. Therefore, it may be worthwhile to isolate
microtubules and extract their proteins, such as tubulin and dynein
(Billger et al., 1993) and then analyze the latter for any primary, secondary
or tertiary structural differences. Besides microtubules, X- pvriformis
contains fibrils including a network of filaments which are comprised of
polypeptides called tetrins (Honts and WOliams, 1990). Since the
polypeptides have been isolated and characterized to some extent, the effect
of CDZ upon tetrins could be examined.
Although apparent alterations in microtubular ultrastructure were
not apparent in CDZ-treated Tetrahvmena (Fig. 22), there appeared to be a
disruption of the cytoplasmic integrity as well as mitochondrial hypertrophy
and changes in the appearances of the ribosome and rough ER profiles.
This suggests that CDZ may affect growth and motility by influencing
general metabohsm, e.g., protein synthesis and respiration, rather than
microtubular structure and/or function.
To determine whether CDZ can impair cytoplasmic protein synthesis,
various biochemical approaches could be employed. Because the uptake of
labeled drug was so low, it would be of interest to culture Tetrahvmena in a
medium other than 357 Medium containing [^^C]-chlordiazepoxide to assess
whether Tetrahvmena could more efficiently remove the drug from the
medium. For example, one could carry out cell free protein synthesis
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utilizing a rabbit reticulocyte protein synthesizing system and
poly (A) - mRNA (Boose et. al., 1989) isolated from CDZ-treated and
non-treated Tetrahvmena. In addition, drug-treated and non-treated
Tetrahvmena could be exposed to [^^C]-leucine, isoleucine or valine and the
proteins within Tetrahvmena homogenates precipitated by trichloroacetic
acid onto filter paper discs. Following washing of the discs, the radioactivity
present upon them could be determined by hquid scintillation counting
(Mans and NoveUi, 1961). If protein synthesis is impaired, the logical
question is, is the synthesis of all c5d;oplasmic proteins inhibited or
alternatively only some? This could possibly be answered by two
dimensional lEF-SDS/PAGE. Should the synthesis of one or more proteins
be inhibited, the isolation, purification and characterization of the proteins
would be appropriate. This would include 'classical' biochemical procedures,
such as ammonium sulfate fractionations and various chromatographies,
e.g., gel permeation, ion exchange, HPLC, hydroxylapatite, hydrophobic
interaction and affinity. The extent ofpurification could be assessed by
SDS-PAGE (Laemmli, 1972). Once purified, the proteins could be
sequenced.
Little has been done regarding the isolation and purification of
proteins form T. pvriformis. Triantafiliou et al. (1988) purified a
membrane-bound L-asparaginase and Lougovoi et al. (1988) purified a
phosphoprotein phosphatase. In addition, actin has been purified from
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I. pvriformis by Hirono et al. (1989). Actin can be prevented from
polymerizing by a 12.8 K Da protein from I. nvriformis by affinity
chromatography.
If CDZ affects protein synthesis, then it would be reasonable to
examine its effects upon transcription and translation steps. Indeed, CDZ
may modify gene expression or DNA rephcation itself. With regards to
transcription, CDZ may affect DNA-dependent RNA polymerase and/or
processing enzymes. As for translation, CDZ may influence aminoacyl
synthases, as well as initiation, elongation, and termination factors.
With regard to respiration. Fig. 21 revealed mitochondrial
h5T)ertrophy in CDZ-treated Tetrahvmena. This raises the possibility that
CDZ may promote alterations in respiration which could be assessed by
Gilson Manometry of both whole cells and isolated mitochondria.
In addition, ADP/Po ratios could be quantified by polagraphy.
Antibody Production - As for anti-chlordiazepoxide/hemocyanin
production, ELISA (Tables 12 and 13), and immunoaffinity chromatography
of immune sera (Fig. 23) suggested that an antibody to the CDZ conjugate
could be produced. To verify that peak two eluted from MAb Trap G was
the putative antibody, an ELISA could be performed. Furthermore, to
ensure that the antibody was free of the other serum proteins, the contents
of peak B could be subjected to Leammh (1970) SDS-PAGE.
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Immunoelectron Microscopy - Transmission immunoelectron
microscopy employing tagged antibody and EM protein fixative
glutaraldehyde/paraformaldehyde-fixed, DMF dehydrated and
Lowicryl-embedded CDZ-treated (Fig. 24) and non-treated (Fig. 25)
Tetrahvmena did not reveal an immunogold association with either
microtubules or any other cytoplasmic organelle. This suggested that
intracellular CDZ was cytosohc and ‘leached out’ during processing.
Thus, CDZ appears to impair growth and motifity via general metabolism,
eg., protein synthesis and/or respiration, rather than a direct action upon
microtubules. Isolation, purification and characterization of microtubular
proteins from Tetrahvmena cultured with and without CDZ are required to
substantiate this tentative conclusion.
Finally, only limited research has been carried out on the structure,
products and regulation ofprotozoan expression of genes (Freer, 1990).
This research includes investigations on the genes coding for actin and
calcium binding proteins, a gene for a mating substance and the genetic
outcome for a single surface protein gene in Paramecium which occxirs when
there is micronucleus/macronucleus conversion. Barahona et al. (1988)
reported the cloning of two B-tubuhn related genes in Tetrahvmena
pvriformis using cDNA methodologies and Cotas et al. (1988) investigated
the regulation of tubulin expression in heat-shocked genes. Certainly, the
genome of Tetrahvmena pvriformis contained an ubiquitin gene multigene.
CHAPTER 6
CONCLUSION
1. Although chlordiazepoxide is soluble in both isoamyl alcohoLbenzene
and methanol, the drug appears to be more stable in the former.
2. It appears that chlordiazepoxide as well as either metabolites or
breakdown products can be recovered from Tetrahvmena after 5 days
of culture. However, rigorous proof requires HPLC ‘clean-up’ and
and subsequent GC-MS of the CDZ eluted jfrom TLC.
3. Chlordiazepoxide does not appear to promote changes in growth and
motihty through a direct action on microtubules but rather alterations
in general metabolism.
4. Chlordiazepoxide can impair both growth and motihty of Tetrahvmena
cultured in a defined hquid medium.
5. Chlordiazepoxide does not appear to promote changes in growth and
motihty through a direct action on microtubules but rather alterations
in general metabohsm.
6. IntraceUular CDZ appears to be cytosohc rather than associated with
any subceUvJar organeUe or revealed by immunoelectron microscopy
employing colloidal gold tagged antibody.
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